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(54) Title of the Invention 

MEMORY CARD 

(57) Abstract 
Purpose: 

To provide a nonvolatile memory card having the ability to access a large capacity of data in a short 
time. 

( Construction: 

This memory card stores write data DO - D7 according to externally supplied successive addresses 
AO - A9, and has an address decoder 2 which generates enable signals CEO - CE3 5 memory block 
select signals A6 - A9. and in-block address signals AO - A3 according to the externally supplied 
addresses AO - A9, and a plurality of memory devices DVO - DV3 which include buffers rbO - rb3 
which temporarily store the write data in addresses indicated by the in-block address signals and 
nonvolatile memories rmO - rm3 which have a plurality of memory blocks capable of storing a 
specific capacity of data. The write data are stored in one of the buffers of the a plurality of memory 
devices DVO - DV3 selected in order according to the enable signals, and the memory devices 
transfer the specific capacity of data stored in the buffers to the memory blocks that correspond to 
the memory block select signals. 

Selected Drawing 

Embodiment 1 

{PAGE } 



FUSA 005765 



7 Memory Card 



Controller, Address data 

1 Interface 

2 Address Decoder 
DVO 

RbO Register Buffer 

RmO Nonvolatile memory 
DV1 

Rbl Register Buffer 

Rml Nonvolatile memory 
DV2 

Rb2 Register Buffer 

Rm2 Nonvolatile memory 
DV3 

Rb3 Register Buffer 

Rm3 Nonvolatile memoiy 



{PAGE } 



FUSA 005766 



Claims 



Claim 1 

A memory card which stores write data according to externally supplied successive addresses AO - 
A9 and write data DO - D7, and 

a memory card comprises an address decoder 2 which generates enable signals CEO - CE3 7 memory 
block select signals A6 - A9. and in-block address signals AO - A3 according to the externally 
supplied addresses AO - A9; and 

a plurality of memory devices D VO - DV3 which include buffers rbO - rb3 which temporarily store 
the write data in addresses indicated by the in-block address signals and nonvolatile memories rmO - 
rm3 which have a plurality of memory blocks capable of storing a specific capacity of data; and, the 
write data are stored in one of the buffers of the a plurality of memory devices selected in order 
according to the enable signals, and the memory devices transfer the specific capacity of data stored 
in the buffers to the memory blocks that correspond to the memory block select signals. 

Claim 2 

In addition, a memory card according to Claim \ 7 comprising a busy signal generation means which 
generates a busy signal when data is being written into the memory, and a busy control means (15) 
which generates a ready signal (R/-B) which indicates a state where writing to the memory card is 
possible according to a plurality of the busy signals (BSYO - BSY3) generated corresponding to a 
plurality of the memory devices. 

Claim 3 

A memory card which reads stored data according to externally supplied successive addresses AO - 
A9, and 

a memory card, comprising 

an address decoder 2 which generates enable signals CEO - CE3, memory block select signals A6 - 
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A9 ? and in-block address signals AO - A3 according to the externally supplied addresses AO - A9; 
and 

nonvolatile memories nnO - rm3 which have a plurality of memory blocks capable of storing a 
specific capacity of data; and. 

The address data is read according to the in-block address signal from the memory block according 
to the memory block selective signal with one of the memory devices from among the plurality of 
memory devices selected in order according to the enable signals. 

Claim 4 

In addition, a memory card according to Claim 3, comprising a busy signal generation means which 
generates a busy signal when data is being read from the memory, and a busy control means (1 5) 
which generates a ready signal (R/-B) which indicates a state where reading from the memory card 
is possible according to a plurality of the busy signals (BSYO - BSY3) generated corresponding to a 
plurality of the memory devices. 

Detailed Description of the Invention 

0001 

Industrial Application 

The present invention relates to a memory card and especially relates to a memory card which stores 
data to internally equipped nonvolatile memory. 

0002 

Description of the Prior Art 

A memory card is used when file data or so forth is stored on a personal computer or when the 
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image data generated by an clectronie camera or so forth is stored. A conventional memory card is 
equipped with internal SRAM and it stores to that SRAM externally supplied data and so forth. 

0003 

In order maintain storage of the data in the SRAM, a backup power supply circuit is required. This 
is not desirable as equipping a power supply circuit internally into a memory' card leads to size 
enlargement and a higher price for the memory card. 

0004 

Therefore, memory cards using nonvolatile memory that do not require a backup power supply have 
been spreading in recent years. Although nonvolatile memory, such as an EEPROM, does not 
require a backup power supply, it lias the fault that the writing speed to a memory device is slow, hi 
order to cover this fault, memory devices (for example, Toshiba 16Mb NAND type EEPROM, 
INTEL 16Mb FLASH, ATMEL 4Mb EEPROM, or so forth) which equip a register buffer for 
temporarily storing the externally supplied data together with the nonvolatile memory are being 
produced commercially. 

0005 

This device stores the data supplied from ail external controller first to the register buffer. Since the 
register buffer is volatile memory, the writing speed is quick alter the same manner as SRAM and 
data transfer from a controller to the register buffer can be completed in a short time. 

0006 

After a specific capacity of data is stored in the register buffer, next the data transfer from the 
register buffer to nonvolatile memory can be performed. Since the program (writing) to nonvolatile 
memory requires time, the data transfer rate from a register buffer to nonvolatile memory becomes 
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slow. 



0007 

Fig. 10 shows the timing chart at the time of writing data to the device of a nonvolatile memory 
which has a register buffer. A controller supplies write data to the device. The data sent from the 
controller are stored in the volatile register buffer in the device (write cycle Wl), and the transfer 
time is completed in a short time. 

0008 

.After a specific capacity of data is stored in a register buffer, the device will transfer data to 
nonvolatile memory from a register buffer by the write cycle WW 1 thereby performing writing 
(program). Since the program to nonvolatile memory can be performed only by a low speed, the 
write cycle WW1 requires a long time as compared with the write cycle Wl . 

0009 

Although the controller has the ability to perform the next processing at the time it originally 
completed the data writing of the write cycle Wl, the data stored in the register buffer cannot 
perform data writing from a controller to a register buffer while writing (WW1) is being performed 
to nonvolatile memory. 

0010 

. Accordingly, after the controller completes data writing (Wl) to the register buffer within a device 
and after further waiting for the completion of the data writing (WW1) to nonvolatile memory from 
the register buffer within a device, it resumes the data writing (WW1) to a device (register buffer). 

0011 
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Problem Solved by the Invention 

A nonvolatile memory device which has a register buffer can successively receive only a 
predetermined amount of data at once from an external controller. The predetermined amount of 
data is equivalent to the storage capacitance of the register buffer. Although the controller does not 
have a problem in collecting and transferring the data of the amount within the register buffer 
capacity to a device, when an amount of data that exceeds that is successively transferred, it must 
transfer the data over a period of time by dividing it into multiple transfers. 

0012 

The controller is unable to transfer subsequent data immediately after transferring the data of the 
register buffer capacity to a device; it must wait until the device is completely finished with the data 
transfer to the nonvolatile memory from the register buffer. Therefore, storing mass data into a 
device requires waiting for a long time. 

0013 

The purpose of the present invention is to provide a memory' card w hich can perform writing or 
reading of mass data in a short time. 

0014 

Means to Solve the Problem 

The memory card of the present invention stores write data according to externally supplied 
successive addresses AO - A9 and write data DO - D7, and the memory card comprises an address 
decoder 2 which generates enable signals CEO - CE3, memory block select signals A6 - A9, and in- 
block address signals AO - A3 according to the externally supplied addresses AO - A9; and a 
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plurality of memory devices D VO - DV3 which include buffers rbO - rb3 which temporarily store 
the write data in addresses indicated by the in-block address signals and nonvolatile memories rmO - 
rm3 which have a plurality of memory blocks capable of storing a specific capacity of data; and, the 
write data are stored in one of the buffers of the a plurality of memory devices selected in order 
according to the enable signals, and the memory devices transfer the specific capacity of data stored 
in the buffers to the memory blocks that correspond to the memory block select signals. 

0015 

Furthermore, the memory card of the present invention which reads stored data according to 
externally supplied successive addresses AO - A9. and the memory 7 card comprising an address 
decoder 2 which generates enable signals CEO - CE3, memory block select signals A6 - A9, and in- 
block address signals AO - A3 according to the externally supplied addresses AO - A9; and 
nonvolatile memories rmO - rm3 which have a plurality of memory blocks capable of storing a 
specific capacity of data; and, the address data is read according to the in-block address signal from 
the memory block according to the memory block selective signal with one of the memory devices 
from among the plurality of memory devices selected in order according to the enable signals. 

0016 

Operation 

Successive address spaces which follow a plurality of memory devices (DVO - DV3) can be 
specified without performing complicated address conversion by generating three signals, an enable 
signal (CEO - CE3), a memory-block selection signal (A6 - A9), and an in-block address signal (AO 
- A3) ; based on the externally supplied successive addresses (AO - A9). Since a buffer can input 
(write) or output (read) data at high speed, the memory card can perform writing or reading of 
external data without waiting for the data transfer between the buffer and memory 7 to be completed. 

0017 
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Embodiment 

Fig. 2 is a block diagram showing the entire composition of when the controller 5 accesses data in 
the memory card 7 according to the Embodiment of the present invention. The controller 5 has the 
ability to write mass image data or so forth to a memory card as well as read from it. 

0018 

The controller 5 has an address counter 6, and performs writing or reading of successive data of 
image data or so forth to the successive logical address fields. The address counter 6 counts the 10- 
bit address signals AO - A9. By sending out the address signal AO - A9 set up by the address 
counter 6 to the memory card 7. the controller 5 writes image data or so forth to the memory card 7, 
or reads such from it. The start address at wliich the address counter 6 starts a count is specified by 
the controller 5. 

0019 

Fig. 1 is the block diagram showing the composition of the memory card 7 according to the 
Embodiment of the present invention. Writing or reading of the data from the controller is 
performed with the memory card 7. Although the operation at the time of writing data is hereafter 
described as the example, reading can be performed similarly. 

0020 

When data are written to the memory card 7 from an external controller, an address signal and a 
data signal are input into the interlace 1 within the memory card 7. The interface 1 converts the 
address signals and data signals which are supplied from the controller into the address signals AO - 
A9 and the data signals DO - D7 having predetermined forms. 
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0021 



The address signals AO - A9 are the signals for specifying the address space indicated by 10 bits 
within the memory card 7. The data signals DO - D7 are data, such as 1 byte (8 bits) of image data, 
that are desired to be written into the memory card 7. Since the memory card 7 has the ability to 
store 1 byte of data to one address space, the interface 1 groups the address signals AO - A9 and the 
data signals DO - D7 before outputting. 

0022 

The memory card 7 has four devices DV0 ? DV1 ? DV2 ? and DV3. The number of devices does not 
need to be four and they can be set to the optimal number according to the program time in a device. 
Details regarding the program time will be described hereafter. 

0023 

The four devices DY0 - DV3 all have the same composition. The device DV0 has the register 
buffer rbO and nonvolatile memory rmO and can write data DO - D7 to the register buffer address 
rbO as indicated by the address signals AO - A3 and A6 - A9 only when the chip enable signal CEO 
is supplied. It cannot write when the chip enable signal CEO is not supplied. 

0024 

The data DO - D7 supplied to the device DV0 are first stored in the register buffer rbO within the 
device DV0 according to address signals AO - A3. If the addresses AO - A3 are counted one by one 
in turn, a total of 1 6 bytes of data will be stored in the register buffer rbO. If 16 bytes of data are 
stored in the register buffer rb0 ? a trigger signal will occur within a device DV0, and 16 bytes of 
data transfer will begin from the register buffer rbO to nonvolatile memory rmO. The transfer rate to 
nonvolatile memory rmO is a low speed. 
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0025 



In addition, the signal for starting data transfer may also be supplied from outside the device D V0 
instead of having the device DVO itself generate the trigger signal which directs the start of data 
transfer. In this case, the writing data units are not limited to only 16 bytes but should be within the 
capacity of the register buffer. 

0026 

Here, the device DVO makes the unit for 16 bytes which performs data transfer from the register 
buffer rbO to nonvolatile memory rmO into 1 block. The 1 block is not limited to only 1 6 bytes but 
depends on the capacity of the register buffer and can be changed. For example, 512 bytes or 1 K 
byte or so forth is sufficient. The destination address that was transferred to nonvolatile memory 
rmO from the register buffer rbO is determined by the address signals A6 - A9. The address signals 
A6 - A9 specify one block from among a plurality of blocks which it had stored in nonvolatile 
memory rmO. 

0027 

Fig. 4 is a schematic diagram showing the composition of the nonvolatile memory rmO in the device 
DVO shown in Fig. 1. In addition, the nonvolatile memories mil - rm3 in other devices DV1 - DV3 
are comprised of the same composition. The nonvolatile memory rmO is divided into n numbers of 
memory blocks M0 - Mn. Data is transferred from the register buffer to any one of the memory 
blocks M0 - Mn for (n+1). Although the memory block to which a transfer is performed is 
determined by the 4-bit address signals A6 - A9, when using the 4-bit address signal A6 - A9 in this 
manner in the present Embodiment, it is set to n<=15 5 and nonvolatile memory rmO will consist of 
16 or fewer memory blocks. Below, the number of memory blocks is made to 16. 

0028 

For example, if the address signals A6 - A9 are "OOOO", memory block 0 (M0) will be specified, and 
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if the address signals A6 - A9 are "0001 ", memory block 1 (Ml) will be specified. 
0029 

Fig. 5 is a schematic diagram showing the composition of memory block MO shown in Fig. 4. In 
addition, other memory blocks Ml - Mn within the nonvolatile memory have the same composition. 
Memory block M0 has the memory area B0 - Bm of (m+1) byte. Although the memory area in 
which data are stored is determined by the address signals AO - A3, when they are determined by 4- 
bit address signals AO - A3 as in the present Embodiment, it is set to m= 15, and the memory block 
will have 16 bytes of memory area. 

0030 

For example, if address signals AO - A3 are "0000", the 0th byte (B0) will be specified, and if 
address signals AO - A3 are "0001", the 1st byte (Bl) will be specified. 

0031 

In Fig. 1, the address signals AO - A9 output from the interface 1 are supplied to the address 
decoder 2. The address decoder 2 outputs to four devices DV0 - DV3 a total of 8 bits of the address 
signals AO - A3 and A6 - A9 supplied from the interface 1, and the address signals A4 and A5 are 
converted into four cliip enable signals CEO - CE4. The converted chip enable signals CEO - CE3 
are supplied to the devices DV0 - DV3 to which they respectfully correspond, and the operation of 
each devices DV0 - DY3 is permitted. 

0032 

Fig. 6 is a signal wave form showing a method in which the address decoder 2 shown in Fig. 1 
converts the address signals A4 and A5 to Hie cliip enable signals CEO - CE3. The address decoder 
2 receives the address signals A4 and A5 then outputs the cliip enable signals CEO - CE3. At the 
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time when the address signals A5 = "0" and A4 = "0", only the chip enable signal CEO is set to "1" 
and the remaining chip enable signals CE1 - CE3 are altogether set to "0. M The chip enable signal 
CE1 is set to "1" at the time when the address signals A5 = "0" and A4 = "1", the chip enable signal 
CE2 is set to " 1" at the time when the address signals A5 = " 1 " and A4 = "0", and the chip enable 
signal CE3 is set to "1" at the time when the address signals A5 = M l" and A4 = "1." That is, 
according to the address signals A4 and A5, any one of the four chip enable signals CEO - CE3 turns 
into "1." The chip enable signals CEO - CE3 are signals which permit the writing to the register 
buffers rbO - rb3 within the devices DVO - DV3 which respectively correspond. 

0033 

Fig. 3 is drawing for explaining each bit line of the address signals AO - A9 that are supplied to the 
address decoder 2 from the interface 1 shown in Fig. 1. The address signals AO - A9 are signals 
which consist of 10 bits, and increase in order one by one with the writing of data. The lower order 
4 bit signals AO - .A3 specify memory areas B0 - Bl 5 within the block of nonvolatile memory 
through the register buffer. The bit signal A4 and A5 are the signals for generating the chip enable 
signals CEO - CE3 as mentioned above. The higher order 4 bit signals A6 - A9 specify the blocks 
M0 - M15 within the nonvolatile memory. 

0034 

In Fig. 1, an address decoder 2 supplies address signals AO - A3 and A6 - A9 to all the devices DVO 
- DV3 supplying one to each devices DVO - DV3 respectively that correspond to the chip enable 
signals CEO - CE3. The interface 1 supplies data signals DO - D7 to all the devices DVO - DV3. 

0035 

An example is given below of the operation in which data DO - D7 are written to devices DVO - 
DV3 for when the address signals AO - A9 supplied to the address decoder 2 begin from 
"0000000000". Here, the bit order of the address signals assign the bit in the left comer to be the 
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highest order bit. 



0036 

Since the address signals A5 = "0" and A4 = "0" when the address signals AO - A9 are 
"0000000000", chip enable signal sets only CEO to "1" and writing is permitted to only device DVO. 
The register buffer rbO of the device DVO stores data DO - D7 in the Oth byte of buffer area since the 
address signals AO - A3 are "0000". 

0037 

Next, since the address signals AO - A9 are incremented, the address signals AO - A3 are set to 
"000 1 and the following data DO - D7 are stored in the buffer area of the 1 st byte of the register 
buffer rbO. Hereafter, the data accumulation to the register buffer rbO is repeated until the address 
signal increases to "1111 M ? and data are accumulated at all the buffer areas from the Oth byte to the 
15th byte. At this time, the address signals A4 - A9 remain "000000" and do not change. 

0038 

If data are accumulated at all the buffer areas of the register buffer rb0 ? the trigger signal for to begin 
transfer from the register buffer rbO to the nonvolatile memory rmO will occur within the device 
DVO. Since the address signals A6 - A9 are "0000", 16 bytes of data of the register buffer rbO are 
transferred to memory block 0 (M0) for the nonvolatile memory rmO. Memory block 0 (M0) has 16 
bytes of memory area (B0 - B15). 

0039 

Since the device DVO uniquely controls the data transfer from the register buffer rbO to the 
nonvolatile memory rmO, the controller independently performs the incrementing of the address 
signals AO - A9 with the processing of the data transfer which the device DVO performs. 
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0040 



If address signals AO - A9 are further incremented from "0000001 1 1 1 they will become 
"00000 10000. M Since the address signal A5 is set to H 0" and A4 is set to "1 " 9 the chip enable signal 
sets only CE1 to " 1 " and the device DV1 will be in a state that enables it to write. The device DV0 
to which data accumulation was performed until now becomes write-protected. The register buffer 
rbl of the device DV1 stores data DO - D7 in the buffer area from the 0th byte to the 15th byte 
according to the increase in address signals AO - A3. Since the address signals A6 - A9 are "0000" 
when 16 bytes of data are stored in the register buffer rbl, data transfer is performed from the 
register buffer rbl to the memory block 0 (M0) of nonvolatile memory rml . 

0041 

Since the address signal A5 = "1" and A4 = "0" with the incrementing of the address signal, the chip 
enable signal CE2 is set to "1 M simultaneously with the start of data transfer. The data DO - D7 are 
stored in the buffer area from the 0th byte to the 1 5th byte in the register buffer rb2 of the device 
DV2 according to the increase in address signals AO - A3. If 16 bytes of data are stored in the 
register buffer rb2, data transfer will be performed from the register buffer rb2 to the memory block 
0 (M0) of the nonvolatile memory rm2. 

0042 

With the incrementing of the address signals being carried out with the start of data transfer, the 
address signal A5 = M 1 " and A4 = "1 and only the chip enable signal CE3 is set to " 1 ". The data 
DO - D7 are stored in the buffer area from the 0th byte to the 1 5th byte in the register buffer rb3 of 
the device DV3 according to the increase in address signals AO - A3. If 16 bytes of data are stored 
in the register buffer rb3 ? data transfer will be performed from the register buffer rb3 to the memory 
block 0 (M0) of the nonvolatile memory rm3. 
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0043 



If address signals AO - A9 are further incremented from "00001 1 1111", they will become 
"0001000000." when incrementing the address signals, since the address signals A5 is set again to 
"0" and A4 is set again to "0 M 5 the chip enable signal sets CEO to "1" and 16 bytes of data are stored 
in the register buffer rbO of the device DV0. Since the address signals A6 - A9 are "000 1 when 16 
bytes of data are stored in the register buffer rbO, data transfer is performed from the register buffer 
rbO to the memory block 1 (Ml) of nonvolatile memory rmO. 

0044 

.After data are stored in the memory' block 1 (Ml) of nonvolatile memory rmO, sequential data are 
similarly stored in each memory block 1 (Ml) of nonvolatile memory mil, mi2, and rm3 in order. 
After that, data are stored in order to nonvolatile memory rmO - rm3 concerning memory block 2 
(M2). 

0045 

In other words, data are stored in turn rmO (M0) -> mil (M0) -> rm2 (M0) -> rm3 (M0) -> rmO 
(Ml) -> rml (Ml) -> rm2 (Ml) -> rm3 (Ml) -> rmO (M2) -> mil (M2) ->... to each memory' block 
M0 - Mn within the nonvolatile memory rmO - nn3. 

0046 

Fig. 7 is a timing chart which shows the operation of the controller 5 and the memory card 7 which 
are shown in Fig. 2. The controller 5 supplies 16 bytes of data to the memory card 7 in the cycle 
W0 first together with the address signal which begins with 0 for instance. Since 16 bytes of data 
are the time stored in the register buffer rbO of the device DV0 ? the duration of cycle W0 hardly 
changes the time for the controller 5 to send out data, but it completes witliin a short time. 
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0047 



After cycle WO is completed, while a device DVO starts the data transfer (WWOO) from the register 
buffer rbO to nonvolatile memory rmO ? the controller 5 supplies (Wl) the next 16 bytes of data to 
the memory card 7. 

0048 

The controller 5 can supply 16 bytes of data to the memory' card in the cycle of WO, Wl, \V2, and 
W3 continuously without latency time. After the controller 5 completes the data supply of cycle 
WO, the device DVO begins the data transfer (WWOO) from the register buffer rbO to the memory 
block 0 (MO) of the nonvolatile memory rmO. After the data supply of cycle Wl is completed, the 
device DV1 begins the data transfer (WW10) from the register buffer rbl to the memory block 0 
(MO) of the nonvolatile memory mil. After the data supply of cycle W2 is completed, the device 
DV2 starts the data transfer (WW20) from the register buffer rt>2 to the memory block 0 (MO) of 
nonvolatile memory rm2. After the data supply of cycle W3 is completed, the device D V3 starts the 
data transfer (W W30) from the register buffer rb3 to the memory block 0 (MO) of nonvolatile 
memory mi3. 

0049 

Since the data transfer time ( WWOO) of the device DVO is equivalent to the program time of the 
nonvolatile memory rbO, time is necessary. The transfer time (WWOO) of the device DVO in the 
present Embodiment is exactly that of 3 cycles (Wl - W3) of the data supply of the controller 5. 
Aft er cycle \V3 is complet ed, the data transfer of the device DVO is completed and the controller 5 
performs data supply to the device DVO in cycle W0 and continues through to cycle W3. 

0050 

The memory card 7 can perform data transfer in the order of cycle WWOO -> WW10 -> WW20 -> 
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WW30 -> WW01 -> WW1 !->...-> \VW2n -> W W3n to devices DVO - DV3. Here, cycle WWij 
means the data transfer which Device DVi performs from the register buffer rbi to the memory- 
block j (Mj) of the nonvolatile memory mii. However, i and j are positive integers. 

0051 

Since the controller 5 can perform processing independently with each of the devices DVO - DV3 ? 
as long as the data transfer (WWij) of the device DVi does not overlap in time with the data supply 
of cycle Wi performed by the controller 5. a problem will not be generated. Moreover, since each 
device DVO - DV3 can perform processing independently, there is no problem with the data transfer 
WWij of devices DVO - DV3 overlapping in time. 

0052 

Here, if all the four devices DVO - DV3 are the same, then the data supply time by the controller 5 is 
also the same (WO = Wl = W2 = W3) ? and the data transfer time of devices DV0-DV3 is also the 
same (WW00 = WW 10 = WW20 = WW30 - WWij). 

0053 

The data transfer time (WWij) of the devices DVO - DV3 according to the present Embodiment is 
equivalent to the time for three cycles ( W (i+1 ) - W (i+3)) of the data supply time of the controller 5 
according the following formula. 

0054 

WWij=3xWi 



The required minimum number of devices N for providing the shortest write time into the memory 
card 7 can be derived according to the following formula. However, the number of devices N is an 
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integer which is rounded down to the nearest decimal point. 
0055 

N= (WWijAVi)+l 

In this manner, if the data supply time Wi of the controller and the data transfer time WWij of the 
device is known beforehand, the optimal number of devices N can be derived. Even if the number 
of devices were increased to exceed the quantity N, the data write time to the memory card would 
be the same. 

0056 

Fig. 8 shows an example of the case of constituting a memory card using a fewer number of devices 
than the optimal number of devices N. Although the memory card 7 has four devices DVO' - DV3' 
just as in the Embodiment according to Fig. 1 , the data transfer time WWij is long when compared 
with the devices DVO - DV3 of the Embodiment of Fig. 1. Therefore, the number of optimal 
devices N is set to 5. 

0057 

hi the memory card 7, since the portions having the same reference indicators as the previous 
Embodiment have the same composition and function, explanations thereof are omitted. The device 
DVO' outputs a busy signal BS Y0 while performing the data transfer from the register buffer rbO* to 
the nonvolatile memory rm0\ Similarly, the device DVT - DV3' outputs busy signals BSY1 - 
BSY3, respectively. 

0058 

The busy controller 15 generates a ready signal R/-B in response to four busy signals BSY0 - BSY3. 
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Ready signal R/-B is output to an external controller tlirough an interface 1 1 . The controller can 
perform data supply only when the ready signal R/-B is "1"; and when the ready signal R/-B is "0", 
data supply cannot be performed. 

0059 

Fore example, when there is an attempt to externally supply data to the device DVO' during the time 
that the busy signal BSYO is generated, the busy controller 1 5 can set the ready signal R/-B to "0" 
and can cause the external data supply to stand by. 

0060 

Fig. 9 is a timing chart which shows the operation of the memory card shown in Fig. 8. The 
external controller can successively supply to memory card 16 bytes of data each by the cycles W0, 
Wl, W2, and W3. Moreover, when the data supply of cycle W0 is completed, the device DVO' 
begins the data transfer (WW00) from register buffer rbO' to the nonvolatile memory rm0\ While 
the data transfer (WW00) for the device DVO* is being performed, a busy signal BSYO is set to "1." 

0061 

In the time tl when a busy signal BSY3 reverses from "0" to 'T\ the busy controller 15 reverses the 
ready signal R/-B from M l" to "0" and interrupts the data supply from the controller. Thereafter, in 
the time t2 when the busy signal BSYO reverses from "1" to "0". the ready signal R/-B reverses 
from "0" to " 1 " thereby resuming the data supply (W0) from the controller. 

0062 

In addition, without using busy signals BSYO - BSY3, a timer can be equipped within the busy 
controller 1 5, and the ready signal RAB can also be generated. In that case, devices DVO - DV3 do 
not need to generate busy signals BSYO - BSY3, and a cycle signal is generated which the busy 
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controller 15 sets the ready signal R/-B to "1" until after time Tl elapses from the start of the cycle 
WWO, and then sets it to "0 H during time T2 after that. 

0063 

Time Tl is the sum total duration time of cycles VV1 and W2 and W3 (Wl + \V2 + W3) ? and time 
T2 is the time of WWO- (Wl + W2 + W3). Time Tl and T2 is measured by the timer in the busy 
controller 15. 

0064 

As mentioned above, a plurality of devices (for example four pieces) are equipped in the memory 
card, and based on the successive addresses AO - A9 supplied from an external controller and by 
generating the memory area selection signals AO - A3 which select one byte from within the 
memoiy block, the block selection signals A6 - A9 that select one memory block from within the 
nonvolatile memory, and the chip enable signals CEO - CE3 that select one device from among the 
plurality of devices successive data that exceed the capacity of the register buffer within one 
nonvolatile memory can be written to the memory card without the latency time. 

0065 

Although the above Embodiment described the operation at the time of performing writing to a 
memory' card ? hereafter, the operation for the case of reading is explained. If the address signals AO 
- A9 for all 0 are supplied externally, the device DV0 will once read the data DO - D7 from the 
memory block 0 (M0) in the nonvolatile memory rmO through the register buffer rbO, and will 
output it to an external controller. 

0066 

Moreover, since the reading time from nonvolatile memory rmO is completed in a short time, the 
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device DVO may read data DO - D7 directly from the memory block 0 (MO) in nonvolatile memory 
rmO without going tlirough the register buffer rbO, and then output it to the external controller. 

0067 

After the data are read from the memory block 0 (MO) in the nonvolatile memory rmO, reading of 
the data is performed from each memory block 0 (MO) in the order of the nonvolatile memory rml ? 
rm2 5 and rm3 in the same manner as the time of writing the data according to change of the chip 
enable signals CE0-CE3. 

0068 

After that, data reading is similarly performed in the order from the nonvolatile memory rmL rm2, 
and nn3 respectively in regard to the subsequent memory blocks according to the increment of the 
address signals AO - A9. 

0069 

In order to generate the ready signal R/-B of Fig. 8 at the time of data reading, after device DVO* 
carries out the data transfer to the register buffer rbO from the nonvolatile memory rbO' ? the data 
stored in register buffer rbO' are output to the external controller. While the device DVO 1 is carrying 
out the data transfer from the nonvolatile memory rbO' to the register buffer rbO ? the busy signal 
BSYO is set to"l." 

0070 

Although the present invention was described in accordance with the Embodiment given above, the 
present invention is not limited to these. For example, that various changes, improvements, 
combinations, or so forth are possible is obvious to one skilled in the art. 
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0071 



Efficacy of the Invention 

Since writing or reading can be performed for mass successive data continuously without a time 
break according to the data-access speed to a buffer according to the memory card of this invention 
as explained above, w riting or reading of data can be performed in a short time. 

0072 

Moreover, by generating three signals, enable signals (CEO - CE3), memory block selection signals 
(A6 - A9) r and in-block address signals (AO - A3) based on the externally supplied consecutive 
addresses (AO - A9) ? even if a plurality of memory devices are used (DVO - DV3) successive 
address spaces can be easily specified. 
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Brief Description of the Drawings 

Fig. 1 is a block diagram showing the composition of the memory card according to the 
Embodiment of the present invention. 

Fig. 2 is a block diagram showing the entire composition for when the controller carries out a data 
access to the memory card according to the Embodiment of the present invention. 

Fig. 3 is a chart for explaining each bit line of the address signals AO - A9 supplied to the address 
decoder from the interface shown in Fig. 1 . 

Fig. 4 is a schematic diagram showing the composition of the nonvolatile memory in the device 
shown in Fig. 1 . 

Fig. 5 is a schematic diagram showing the composition of memory block shown in Fig. 4 . 

Fig. 6 is a signal wave form view showing the conversion method from the address signals A4 and 
A5 to the chip enable signals CEO - CE3 which the address decoder shown in Fig. 1 performs. 

Fig. 7 is a timing chart which shows the operation of the memory card shown in Fig. 6. 

Fig. 8 is a block diagram showing the composition of the memory card using a number of devices 
fewer than the optimal number of devices. 

Fig. 9 is a timing chart which shows the operation of the memory card shown in Fig. 8. 

Fig. 10 shows a timing chart at the time of writing data to a nonvolatile memory device which has a 
conventional register buffer. 
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Description of Notations 



1 Interface 

2 Address Decoder 

5 Controller 

6 Address Decoder 

7 Memory Card 
DV Device 

rb Register buffer 

nn Nonvolatile memory 

MO - Mn Memory block 

BO - Bm Memory area (byte unit) 

CE Chip enable signal 

BSY Busy signal 

R/-B Ready signal 

AO - A9 Address signal 

DO - D7 Data signal 



Drawings 
Figure 1 
Embodiment 1 

7 Memory Card (from left to right) 
Controller. Address data 

1 Interface 

2 Address Decoder 
DVO 

RbO Register Buffer 
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RmO Nonvolatile memory 
DV1 

Rbl Register Buller 

Rml Nonvolatile memory 
DV2 

Rb2 Register Buffer 

Rm2 Nonvolatile memory 
DV3 

Rb3 Register Buffer 

Rm3 Nonvolatile memory 

Figure 2 

Entire Composition 

5 Controller 

6 Address Counter 

7 Memory Card 

Figure 3 
Address Signal 

A6 - A9 Nonvolatile memory block address (MO - Ml 5) 
A4 - A5 CEO - CE3 Decode 

AO - A3 Buffer memory transfer address (BO - B15) 
Figxire 4 

Nonvolatile Memory (A6 - A9) 
MO Memory block 0 
Ml Memory block 1 
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M 2 Memory bl ock 2 
RmO Nonvolatile Memory 
Mn Memory Block n 

Figure 5 

Nonvolatile Memory Block (AO - A3) 

0 th byte BO 

1 st byte Bl 

2 nd byte B2 

MO Memory' Block 

Mth byte Bm 

Figirre 6 

Chip Enable Signal 
Figure 7 

Embodiment 1 Timing Chart 

Controller WO Wl W2 W3 WO Wl W2 \V3 

DVO 

DV1 

DV2 

DV3 

Figure 8 

Embodiment 2 
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7 Memory Card 

Controller 

1 1 Interface 

2 Address Decoder 

DVO' 

RbO' Register Buffer 
RmO' Nonvolatile memory 

Dvr 

Rbl f Register Buffer 

Rml ? Nonvolatile memory 7 
DV2' 

Rb2 ' Register Buffer 

Rm2 ' Nonvolatile memory 
DV3' 

Rb3 Register Buffer 

Rm3 " Nonvolatile memory 

Figure 9 

Embodiment 2 Timing Chart 

Controller WO Wl W2 W3 WO Wl W2 

DVO' 

BSYO 

BSY3 

R/-B 

Figure 10 
Conventional Art 
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